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OIL-FREE “FLOATING SCROLL” COMPRESSOR
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Dave K. Cai, Research Engineer,
Scroll Laboratories, 1404 S. Joliet Road Unit B,
Romeoville, Illinois 60446, USA; Tel.: 630/783-2608; Fax: 630/783-2609
E-Mail: ni@scrolllabs.com

ABSTRACT
The scroll compressor, which was invented in 1905, has recently been mass-produced for
residential air conditioning compressors due to numerous advantages. Oil injected scroll air
compressors have also been successfully penetrating into markets that have been previously
dominated by piston and rotary screw compressors. In the compressor market there is now an
increased demand for oil-free air compressors.
The oil-free air compressor is an ideal source for clean compressed air that is a necessity for a
variety of industries. However, the existing oil-free air compressor, piston type, rotary screw
type, even existing scroll type, have several shortcomings due to the technical difficulties caused
by free of oil: high cost, short life span and low energy efficiency, just to name a few.
Scroll Laboratories has addressed these problems by developing an innovative oil-free
scroll compressor - the “ floating scroll” . The “ floating scroll” balances all pressure
and centrifugal forces within the scroll, reducing forces on contacting surfaces to
essentially zero and minimizing wear. This new architecture enables the scroll running
at very high speed and maintaining good sealing between compression chambers.
Thus, highly efficient, long life, compact and light-in-weight oil-free scroll compressors
become reality. It is ideal for fuel cell application in automobile.

INTRODUCTION
Scroll technology exhibits its overwhelming technical advantages in terms of energy efficiency,
quietness, reliability and durability over existing technology (i.e. piston, rotary screw, rotary
vane, etc.). In the air conditioning industry scroll compressor technology has dominated the
market within less than 10 years. The main features of the scroll technology that have made it a
success in air conditioning market are axial and radial compliant mechanisms in addition to the
spiral geometry.

The compliant mechanisms enable close contacts between the scroll parts to achieve effective
sealing between compression pockets. When oil lubrication is available the contact friction and
wear isn’t problematic as in the air conditioning application. However, in oil-free application,
dry friction and wear caused by contacts between non-lubricated parts is a serious challenge.
Existing oil-free scroll compressors are all without a compliant mechanism and suffer from low
energy efficiency, low life and less than desirable reliability all due to the gaps existing between
scrolls, that is essential to avoid dry frictions.

Scroll labs has invented the “floating scroll” concept and mechanism, which makes a significant
breakthrough in oil-free compression and expansion applications. The “floating scroll” concept
requires near complete dynamic balance of force and moments on the orbiting scroll. As a result,
the orbiting scroll “floats” during operation, and maintains very light contact with other parts,
such that a good hydrodynamic sealing between compression pockets is achieved, and at the
same time dry friction and wear are minimized to a negligible degree. In addition, the floating
scroll structure allows the orbiting scroll operating at much higher RPM. Hence, the scroll
compressor becomes compact and light.
Scroll Labs has applied for U.S. patent for its “floating scroll" technology.
COMPRESSOR DESCRIPTION
The floating scroll mechanism includes dual orbiting scrolls, full radial and axial compliance,
and direct force balancing.
Referring to Fig. 1, a scroll-type air compressor designed in accordance with the floating scroll
principle is shown. A main shaft 40 rotates along its axis S1-S1 when supported and driven by
an external means (not shown). A drive pin 42 extrudes from the front end of main shaft 40, and
the central axis of drive pin 42, S2-S2, is offset from the main shaft axis, S1-S1, by a distance
equal to the orbiting radius Ror of the orbiting scroll member 60.
The front fixed scroll member 50 has an end plate 51 from which a scroll element 52 extends.
The orbiting scroll member 60 includes circular end plate 61 and 61’, scroll elements 62 and 62’
affixed to and extending from the opposite sides of the end plate 61 and 61’, respectively, and
orbiting bearing hub 63 and 63’ affixed to and extending in the central portion of the end plate 61
and 61’, respectively. The part that includes end plate 61, element 62 and hub 63 is designated as
the front orbiting scroll, and end plate 61’, element 62’ and hub 63’ as the rear orbiting scroll.
Orbiting scroll 60, containing front and rear orbiting scrolls arranged back to back, is called dual
scroll. The front and rear orbiting scrolls of the dual scroll orbit together and can make radial
movement relative to each other during operation.
The rear fixed scroll member 70 (has an end plate 71, from the front side of which a scroll
element 72 extends. Scroll elements 52 and 62, 62’ and 72 are interfitted and work in the way
as we all know.

The working fluid enters the compressor 10 from the inlet port 80 and then enters the inlet air
passage 81. The working fluid then, is sucked into the compression pockets formed between the
scrolls and is compressed during the orbiting motion of the scrolls, and finally, discharges
through passage 82, 83 and discharge port 84 at the central portion of the end plate 71 of the rear
fixed scroll.
Referring to Fig. 1 and 2, the driving, anti-rotation and radial compliant mechanisms are
explained. The drive pin 42 of the main shaft 40 drives the orbiting scroll 60 via central driving
knuckles 64 and 64’ and driving pin bearing 65 and 65’, respectively. At the peripheral of the
orbiting scroll 60, there are three pairs of equally spaced peripheral extensions 160a, 160b and
160c from end plate 61 and 160’a, 160’b and 160’c from end plate 61’, respectively (not shown
160b, 160’b, 160c and 160’c). Referring to Fig. 1 and 3, there are three bearing holes 161a, 161b
and 161c in the front housing 20 (only 161a shown). The crank handle 162a is rotatably
supported by two bearings 163a and 164a. Crank handle pins 165a extrudes from crank handle
162a. The centerline S1a of the crank handle 162a and S2a of the crank handle pin 165a are
offset at a distance of the orbiting radius Ror. Extensions 160a and 160’a of the orbiting scroll
60, have bearing holes 166a and 166’a where crank handle bearings 167a and 167’a are located,
respectively. Peripheral crank handle 162a through crank handle pin 165a, peripheral crank
knuckles 168a and 168’a, and handle bearings 167a and 167’a together with other two pairs of
peripheral handles 162b and 162c, and their corresponding parts keep the orbiting scroll 60 in
orbiting motion and prevents it from rotation. Referring to Fig. 4 and 5, there is a slot 190 in the
front driving knuckle 64. The driving pin 42 is located in slot 190. The slot 190 is longer
radially than the driving pin 42. When the driving pin 42 rotates counter clockwise as shown by
arrow B, the driving surface 191 of the driving pin 42 pushes the sliding surface 192 of the front
driving knuckle 64. The driving knuckle 64 can move radially, as shown by arrow C. The above
description is also true to the rear driving knuckle 64’ and relevant parts. Referring to Figs. 1, 5
and 6, when shaft 40 rotates, the front and rear orbiting scrolls of orbiting scroll 60 are exerted
upon by centrifugal forces Fco and F’co, respectively, generated by their own orbiting motion.
In addition to the orbiting motion, the front and rear orbiting scrolls of the orbiting scroll 60 slide
radially together with the driving knuckle 64 and 65’ and the peripheral knuckles 168a, 168’a
and etc. under the action of the centrifugal forces until the orbiting scrolls stop by flank-flank
contacting to their corresponding fixed scrolls. This is radial-compliant.
Using sliding knuckle-crank shaft mechanism to achieve radial compliance is well known in the
art. However, due to technical difficulties this mechanism has not been adapted for a dual scroll
design. The difficulty is to synchronize the orientation of the peripheral crank handles, such that
the orbiting scroll can slide freely in the radial direction without jamming. Scroll Labs’ “floating
scroll” design provides a mechanism, including peripheral crank handles, sliding knuckles and a
crank handle synchronizer, which makes the orbiting scroll radial compliant. Referring to Fig. 1,
2 and 7 the function of the synchronizer 170 is explained. S1a-S2a, S1b-S2b and S1c-S2c are
the lines connecting the centers of crank handles 162a, 162b and 162c with the centers of the
crank handle pins 165a, 165b and 165c, respectively. The lines S1a-S2a, S1b-S2b and S1c-S2c
must remain parallel to each other, i.e. synchronized, all the time no matter whether the scroll
apparatus is in operation or at rest. Otherwise, the crank handles 162a, 162b and 162c, and the
driving shaft 40, and in turn the orbiting scroll 60, could be jammed at start up or during
operation due the freedom of motion of each knuckle in its radial and tangential directions. In

order to maintain the synchronization of the crank handles, synchronizer 170, as shown in Fig. 1,
2 and 3, is connected to the crank handle pins 165a, 165b and 165c via synchronizer bearings
171a, 171b and 171c, respectively. The synchronizer 170 makes circular translation, i.e. orbiting
motion similar to the orbiting scrolls, and keeps three crank handle pins in a triangular relation,
i.e. being synchronized such that the lines S1a-S2a, S1b-S2b and S1c-S2c remain parallel to each
other all the time. Now let’s return back to the orbiting scroll 60, which is acted on by the
centrifugal force Fco and F’co. Referring to Figs. 1, 2 and 4 the centrifugal forces Fco and F’co
are partially balanced by that of counterweights 90 and 91, and 90’ and 91’, respectively, such
that the resulting net centrifugal forces are just enough to overcome the radial separating forces
caused by the compressed gas. During operation, because the lines S1a-S2a, S1b-S2b and S1cS2c are synchronized, the orbiting scroll 60 will move along the radial direction, i.e. parallel to
lines S1a-S2a, S1b-S2b and S1c-S2c, by the net centrifugal forces until the flanks of orbiting
scroll elements 62 and 62’ very lightly contact the flanks of the fixed scroll elements 52 and 72,
respectively, to achieve tangential sealing between the compression pockets. Overall balance of
centrifugal forces of the scroll apparatus is achieved by other counterweights in a traditional
way, and is not discussed here.
Referring to Figs. 1 and 2, the axial compliant mechanism for the dual scroll structure will be
described. The orbiting scroll 60 includes front end plates 61 and rear end plate 61’. There is a
plenum chamber 67 formed between the two end plates. Sealing element 68 seals off plenum
chamber 67 from air passage 81 and the ambient. At start up, the elasticity of the sealing
element 68 urges both front and rear orbiting scrolls towards their corresponding mating fixed
scrolls to get light tip-base contact between the mating scrolls. The plenum chamber 67 is
connected to the discharge air through passage 82 and 83. The areas of the surfaces 85 and 85’
are so designed that the forces by the discharge air acting on them slightly exceed the total axial
forces, respectively acting on the opposite surfaces 69 and 69’ of the end plates 61 and 61’, and
the tips of the scroll elements 62 and 62’ of the front and rear orbiting scrolls by the compressed
air. The net axial forces will urge the front and rear orbiting scrolls, respectively, towards the
corresponding mating fixed scrolls to achieve very light contact at six pairs of contacting
surfaces. Among them, two pairs of contacting surfaces are between the tip surfaces of two
orbiting scrolls against the mating base surfaces of the end plates of corresponding fixed scrolls.
The other two pairs of contacting surfaces, vise versa, are between the tip surfaces of two fixed
scrolls against the mating base surfaces of the end plates of corresponding orbiting scrolls. The
remaining two pairs of contacting surfaces are the anti-thrust surfaces 59 and 79 of the front and
rear housing 20 and 21 against the thrust surfaces 69 and 69’ of the front and rear orbiting
scrolls, respectively. The anti-thrust surfaces 59 and 79 of the fixed scrolls support surfaces 69
and 69’ of the orbiting scroll, respectively, to avoid the possible tipping motion of the orbiting
scrolls. The surface contact between the mating surfaces of the above-mentioned six pairs of
contacting surfaces is not necessarily taking place at the same time when assembled.
Nevertheless, after wearing-in light contact between the six pairs of surfaces will take place.
This axial compliant mechanism enables a good radial sealing between compression pockets and
makes the wear between the orbiting and fixed scrolls negligible and self-compensating. Many
axial compliant schemes have been taught in the prior art, and some of them might be adapted to
this invention.

CONCLUSIONS
The floating scroll feature eliminates the principal scroll wear mechanisms by balancing the
forces and resultant moment on the orbiting scroll while maintaining radial and axial sealing,
thereby minimizing contact forces between surfaces. Hence, the oil-free scroll compressor
becomes highly energy efficient, quiet, durable, compact and light.
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